Injuries of the vertebral artery are rare and are usually seen after penetrating or blunt cervical trauma. Vertebral artery injuries (VAI) have been reported in 0.5% of blunt trauma cases. These injuries can lead to hemorrhage, thrombosis, arteriovenous fistula or traumatic pseudoaneurysm in the early or late period. They must be treated carefully due to their increased risk of morbidity and mortality. In this case report, we present a case of asymptomatic traumatic vertebral artery pseudoaneurysm(TVAP) seen after cervical spinal trauma with C5-C6 listhesis developing afterwards, treated with anterior-posterior stabilization and fusion. Spontaneous resolution of the pseudoaneurysm is demonstrated by vertebral arter angiogrphy.
InTRoduCTIon
Injuries of the vertebral artery are rare and are usually seen after penetrating or blunt cervical trauma. Vertebral artery injuries have been reported in 0.5% of blunt trauma cases (19) . These injuries can lead to hemorrhage, thrombosis, arteriovenous fistula or traumatic pseudoaneurysm in the early or late period (1, 19) . A true aneurysm is designated when the vessel wall contains intact intima, media, and adventitia. A false or pseudoaneurysm is designated when the endothelial lining and other vessel wall components are disrupted and the enlarged contour is maintained by the adjacent soft tissues, a fibrous capsule, or both (14) . A pseudoaneurysm can be asymptomatic, or lead to neurological symptoms such as vertigo, tinnitus and ataxia or cranial nerve symptoms, spinal nerve symptoms or spinal cord symptoms by local mass effect (6) . The natural evolution of these pseudoaneurysms is not well known (1, 10, 19) . Nevertheless these pseudoaneurysms must be treated carefully due to their increased risk of morbidity and mortality. Choice of treatment, such as surgery or endovascular methods, directly depends on the dimensions and localization of the pseudoaneurysm (1, 2, 5, 6, 10, 19) .
In this case report, we present an asymptomatic traumatic vertebral artery pseudoaneurysm (TVAP) seen after cervical spinal trauma with C5-C6 listhesis developing afterwards, treated with anterior-posterior stabilization and fusion. Spontaneous resolution of the pseudoaneurysm was demonstrated by angiography.
CASE REPoRT
A 65-year-old woman was referred to our clinic after an in-car traffic accident with whiplash trauma. She complained of neck pain and limited neck movements. No neurological deficit was observed. Radiological examination with routine radiography cervical region revealed listhesis at the fifth and sixth cervical vertebrae ( Figure 1 ). T1-weighted axial MRI findings displayed ''signal void'' consistent with right vertebral arterial flow. The left vertebral artery was hypoplasic and patent ( Figure  2 ). Digital subtraction angiography (DSA) of the patient revealed an pseudoaneurysm 3 mm in diameter originating from the right vertebral artery at the level of the third cervical vertebra ( Figure 3 ). Other radiological examinations led to a diagnosis of listhesis at the fifth and sixth cervical vertebrae and the patient went on to surgery. Anterior and posterior stabilization and fusion were performed on the fifth and sixth cervical vertebrae. Endovascular treatment was planned for the vertebral artery pseudoaneurysm but the procedure was not accepted by the patient. The patient presented at our clinic 2 years later and no pathological findings were detected on physical examination. DSA showed no abnormal findings and there was no evidence of the right vertebral artery pseudoaneurysm seen in the DSA taken 2 years previously ( Figure 4) dISCuSSIon Few studies have focused on vertebral artery injury (VAI) following blunt trauma until recently, so it is difficult to estimate its true incidence (8) . Many cases of blunt vertebral injury (BVI) likely remain asymptomatic or result in subtle neurological deficits that go undetected. BVIs are therefore underdiagnosed without aggressive diagnostic screening, (8) .
Cervical spine injury appears to have a specific association with BVI. High-speed motor vehicle crashes and falls account for the majority of cervical spine fractures and may account for the majority of VAI cases as well. Although BVI was initially thought to occur principally with upper cervical fractures, angiographic screening of cervical fractures has documented a significant coincidence of BVI with all types of spinal injuries such as 40% of lateral dislocations (16), 46% of midcervical The vertebral artery (VA) is divided into 4 anatomic sections (1, 5, 19) . The first section starts from the origin at the subclavian artery and reaches to the level of the transverse foramen of the sixth cervical vertebra. The second section of the vertebral artery runs between the sixth and first cervical vertebra in the transverse foramens. The third and fourth sections continue after the artery leaves the transverse foramen of the first cervical vertebra and joins with the vertebral artery of the opposite side to form the basilar artery in the cranium.
The first portion of the VA is rarely injured from blunt trauma, possibly owing to its mobility and lack of any surrounding bone. However, the second portion of the VA, which ascends through the transverse foramina of the upper six cervical vertebrae, is frequently injured when cervical fractures involve the foramen (23, 24) . The third portion of the VA curves posteriorly behind the lateral mass of the atlas and lies in the groove on the upper surface of the posterior arch of the atlas. Because of the high frequency of cervical fractures and ligamentous injuries in this region, as well as stretching and compression at the atlantoaxial and atlanto-occipital joints during head rotation, this segment of the VA extending from C2 to the dura is particularly prone to injury during blunt trauma (11, 13) .
Although TVAP cases have increased in recent years, it is defined as a rare lesion in the literature (1, 2, 5, 6, 10, 12, 19) . TVAP is seen mostly after blunt or penetrating cervical trauma (1, 10, 12) . TVAP can also be seen after chiropractic manipulation or cervical implant dislocation and in rheumatoid arthritis (7, 9) . TVAP is rarely seen as a result of the anatomic position of the vertebral artery and its natural position within the bones (1). Schittek (19) has studied 144 VA injury reports printed in English and found 27 TVAP cases in these reports. Nearly half of these pseudoaneurysms originated from the second section of the VA. The case reports published afterwards also state that the pseudoaneurysm usually originates from the second section of the VA (1, 10, 12) . The TVAP presented in our case also originated from the second section. Pseudoaneurysms originating from the second segment of the VA are seen relatively more frequently due to the higher risk of VA trauma in this region.
Symptoms and findings of TVAP vary according to the size and localization of the pseudoaneurysm. Some cases can be asymptomatic and determined incidentally as in our case. Some symptoms could be related to the mass effect of the pseudoaneurysm in half of the cases (18) . These symptoms can occur due to compression of cranial nerves, cervical spinal nerves, brachial plexus or spinal cord (1, 5, 18, 19) . In addition vertebrobasilar insufficiency symptoms like vertigo and ataxia can occur as a result of thromboembolism (1, 18) . Furthermore, TVAP's destructing the cranial bones with their increasing size have also been reported (21) .
The natural evolution of TVAP is not well known. Some cases with spontaneous resolution as in the case we presented have been published before (5, 10, 19) . The diagnosis, treatment and follow-up of these cases is very important as stroke and mortality were observed in 13% of the published TVAP cases (2, 3, 12, 15, 19) . The most important point in the diagnosis of TVAP is being aware of the possibility after all blunt or penetrating cervical trauma. Magnetic resonance angiography (MRA), computed tomography angiography (CTA) or DSA, if needed, are helpful in diagnosis after such injuries. These lesions must be treated carefully due to the potential morbidity and mortality (3, 4, 15) . These pseudoaneurysms can be treated with a direct surgical approach, proximal vertebral artery ligation or an endovascular approach (coil embolization, stent-supported coil embolization) (1, 2, 5, 18, 19) . Blickenstaff (5) reported that proximal ligation is adequate and that there is no need for the recommended proximal and distal ligation. Neurological complications have been reported at a rate of 8% after unilateral VA ligation (22) . Reid (17) reported no neurological deficit in cases treated with unilateral VA ligation. However the amount of data on cerebral blood flow after vertebrobasilar system test occlusion and the clinical consequences is inadequate. There is a high risk of neurological deficit after ligation, especially when the contralateral vertebral artery blood flow is insufficient. Endovascular procedures are mostly preferred today as they preserve blood flow, are less traumatic and surgeons have increasing experience with them (2, 5, 15, 19) . On the other hand, recurrence after coil embolization has also been reported (2, 15) .
Conclusion: TVAP can develop after any blunt or penetrating cervical trauma with vertebral fractures-dislocation involving the transverse foramina and basilar skull fractures. Every patient with this condition should be evaluated for VAI. MRA, CTA and DSA, if required, provide enough information for the diagnosis. The natural evolution of TVAP is not well known. Spontaneous resolution of these lesions is rare. TVAPs have potential morbidity and mortality risks. They must therefore be carefully treated surgically or with endovascular procedures.
